Dynamic stability is said to contribute to multidirectional (linear and change-of-direction) speed, although little research confirms this. This study analyzed the relationship between dynamic stability as measured by lower-limb functional reaching in six directions (anterolateral, lateral, posterolateral, posteromedial, medial, anteromedial) 
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Dynamic stability has been defined as the ability to maintain balance while transitioning from a dynamic to static state (45). Within multidirectional sprint movements, athletes must maintain a degree of stability and balance when transitioning from a dynamic (deceleration) to a static (stopping to change direction), before returning to a dynamic (reacceleration) state. Dynamic stability would aid an athlete in maintaining a stable center of gravity during these sport-specific movements (5, 25) . There are several laboratory-based protocols that have been used to assess dynamic stability. One of the more popular assessments is the Star Excursion Balance Test (SEBT) (18, 33, 36) . The SEBT can assess dynamic stability through the use of functional reaching of the lower limbs, and has been shown to be valid and reliable (13, 17) . This test typically involves a subject adopting a unilateral stance and performing a series of single-leg squats while attempting to maximally reach with the other leg in eight different directions; three anterior, two lateral, and three posterior. There is also research that has also used only selected reaches, as opposed to all eight (18, 19, 32, 43) . Nevertheless, the subject's stability is challenged, in that the body's center of gravity is moved in relation to the base of support every time a reach is attempted (17) . A greater functional reach, measured in relation to the subject's leg length, provides an indication of greater dynamic stability.
The measurement of dynamic stability within the research literature has tended to have more of a clinical focus, with the SEBT often being used to measure and monitor deficits in relation to injuries in the lower limbs (6, 15) . There has been minimal analysis of how dynamic stability, as measured by functional reaching, relates to sport-specific actions such as multidirectional sprinting. Therefore, this research will investigate whether dynamic stability, as measured by functional reaching in selected directions, could affect linear speed and change-of-direction speed. This will be done by comparing the differences in functional reach, as well as between-leg excursion differences, of faster and slower field sport athletes,
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Subjects
Sixteen experienced, recreational male field sport athletes (age = 23.31 ± 5.34 years; height = 1.78 ± 0.07 m; mass = 80.60 ± 9.89 kilograms [kg]) were recruited for this study. Subjects were recruited if they: were currently active in a field sport (e.g. soccer, rugby league, rugby union, Australian football); had a history of physical activity (≥two times⋅week -1 ) extending over the previous six months; were available for the two testing sessions for the study; and did not have any existing medical conditions, balance disorders, or significant lower-limb pathologies that would compromise participation in the study. The methodology and procedures used in this study were approved by the institutional ethics committee. All subjects received a clear explanation of the study, including the risks and benefits of participation, and written informed consent was obtained prior to testing.
Procedures
Testing was conducted over two days, separated by 48 hours. Day 1 consisted of the speed tests -40-m sprint, T-test and CODAT. All speed tests were conducted on an indoor basketball court with a sprung wooden floor. Prior to data collection on Day 1, the subject's age, height, and mass were recorded. Height was measured using a stadiometer (Ecomed Trading, Seven Hills, Australia) and recorded to the nearest 0.01 centimeters (cm). Subjects were measured barefoot, and they stood on the base of the stadiometer with their feet together and the heels, buttocks and upper back touching the scale. Body mass was recorded using electronic digital scales (Tanita Corporation, Tokyo, Japan), and recorded to the nearest 0.01
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Dynamic Stability and Multidirectional Speed 5 kg. A standardized warm-up, consisting of 10 minutes of jogging, 10 minutes of dynamic stretching of the lower limbs, and progressive speed runs over the testing distances, was used on Day 1. Day 2 consisted of the mSEBT assessment. The Day 2 warm-up consisted of 10 minutes of low-intensity cycling on a bicycle ergometer, followed by three circuits of the mSEBT, the specifics of which will be documented later in the Methods. Depending on the subject's availabilities, testing was conducted in the late morning, afternoon, or early evening. Subjects were tested at the same time of day for both testing sessions and in the same order, did not eat for 2-3 hours prior to their testing sessions, and refrained from intensive lower-body exercise and any form of stimulant (e.g. caffeine) in the 24 hours prior to testing. Subjects were permitted to consume water ad libitum in the 24-hour period before testing, and throughout the testing sessions. have been previously used in the assessment of field sport athletes, and the 40-m sprint has been found to be a reliable assessment (typical error of measurement = 1.2%) (23). Subjects began the sprint from a standing start 30 cm behind the start line, so as to be able to trigger the first gate (28), and were instructed to accelerate from the starting line and sprint through all sets of timing lights. If the subject rocked backwards or forwards prior to starting, the trial was disregarded and repeated, following the required rest interval. Time for each distance was recorded to the nearest 0.01 s. Three trials were completed with three minutes recovery between each trial. The best trial was used for analysis.
40-metre Sprint

40
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T-Test
The T-test was assessed because it features anterior, posterior, and lateral movements, and the methodology was adapted from previous research (37, 38) . This test has also been found to be reliable (intra-class correlation coefficient the right hand when shuffling to the right) was used to touch the marker. Subjects were not to cross their feet when side-shuffling, or touch a marker with the wrong hand; if they did, the trial was stopped and another attempted after the required rest period. Time was recorded to the nearest 0.01 s from when the subject broke the gate the first time, until they returned through the gate following the last back pedal. Three trials were attempted with three minutes recovery between each trial, and the best time was used for analysis.
***INSERT FIGURE 1 ABOUT HERE***
Change-of-Direction and Acceleration Test (CODAT)
The dimensions and movement direction for the CODAT is shown in Figure 2 Subjects started 30 cm behind the start line (28). Subjects were required to face forwards at all times during the CODAT, and were required to stay outside the markers when running. If subjects cut across or over a marker, the trial was stopped and another attempted after the required rest period. Three trials were completed with three minutes recovery between each trial. Time was recorded to the nearest 0.01 s, and the best time was used for the analysis.
***INSERT FIGURE 2 ABOUT HERE***
Modified Star Excursion Balance Test (mSEBT)
Dynamic balance was assessed by using a modified version of the SEBT, which used six excursion directions. Hertel et al. (18) suggested that the posteromedial, medial, and anteromedial reaches best represented the SEBT, and were the only excursions necessary.
However, given the lateral shuffles and cuts required in the T-test and CODAT, the lateral excursions (anterolateral, lateral, and posterolateral) were also analyzed in this study. The six distances used in the mSEBT have been found to be reliable for assessing dynamic stability the reaching leg to a bilateral stance, without allowing contact to affect overall balance. A researcher noted the reach distance after each attempt. A trial was disregarded if the researcher felt the subject used the reaching leg for an extended period of support, removed the stance leg from the center of the grid, or was unable to maintain balance. The same researcher measured the mSEBT for all subjects. A minimum of three practice trials were used prior to data collection to familiarize subjects to the movements required, and to serve as a warm-up. The order of the stance leg used during testing was randomized amongst the subject group.
Reach distances were considered relative to the subject's leg length (14, 15) . Relative reach distances were expressed as a percentage according to the formula relative reach
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All statistical analyses were computed using the Statistics Package for Social Sciences (Version 20.0; IBM Corporation, New York, USA).
RESULTS
Subjects were median split into faster (age = 21.63 ± 2.45 years; height = 1.78 ± 0.05 m; mass = 76.81 ± 10.57 kg), and slower (age = 25.00 ± 6.97 years; height = 1.79 ± 0.09 m; mass = 84.39 ± 8.08 kg) groups following data collection. There were no significant between- Table 5 displays the correlations between speed test times and the percentage differences in between-leg reach distance. Significant correlations were positive, indicating that greater differences in between-leg reach distance were related to slower speed test times. In line with the study's hypothesis, the faster group did demonstrate superiority in dynamic stability for particular excursions (Table 1) . These excursions are typically those that distinguish individuals with superior or inferior dynamic stability (18), as they are more difficult to complete. There are also certain movements of the stance leg that are synonymous Sprints over 40 m would generally allow field sport athletes to reach their maximum running velocity (9) . There were no significant correlations between 0-40 m time and any right leg excursions (Table 3) , or between-leg differences in excursion distance (Table 4 ).
There were, however, significant relationships between 0-40 m time, and the posteromedial and medial distances of the left leg ( Table 2 (Table 4) . Even though there are no posterior running actions within the CODAT, similarities in the muscles recruited for posterior stability, and dynamic movement changes of direction, document why these relationships were found. There is the activity of the vastus muscles of the stance leg for the three medial reach excursions (10), and these muscles are essential for speed generation when running (30), which is a needed after a direction change. This point is further emphasized when considering differences, or asymmetries, in reach distances between the legs. The slower group had a significantly greater lateral excursion asymmetry when compared to the faster group (Table 2) . Four other between-leg asymmetries that were greater for the slower group had moderate effects ( Table 2) . T-test time correlated with the between-leg differences in anterolateral and lateral excursions, and the large relationships suggested that a slower time was linked to greater differences in between-leg dynamic stability. Additionally, greater asymmetries in four out of six reach directions related to a slower CODAT time, with a very large correlation for the anterolateral excursion (Table 5) . Between-leg differences in dynamic stability in otherwise healthy individuals can underscore joint instability (33). In addition to this, although leg strength dominance wasn't directly measured in this study, a weaker stance leg would limit the reach
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distance for the contralateral leg (15, 18, 33) . With regards to multidirectional speed, greater between-leg knee flexor eccentric strength differences can contribute to slower 40-m sprint and T-test times (28). Given the agility-based movements will commonly demand direction changes using both legs, field sport athletes should aim for balanced strength, mobility, and dynamic stability between the legs.
The results from this study suggest that dynamic stability, as measured by functional reaching, is related to multidirectional speed. Differences in dynamic stability between faster and slower field sport athletes, as measured by functional reaching, are evident in the more difficult mSEBT reaches (i.e. medial and posteromedial). Furthermore, the more difficult excursions significantly correlated to maximal linear sprinting (i.e. medial and posteromedial), and change-of-direction speed (i.e. medial, posteromedial and anteromedial).
Imbalances in dynamic stability assessed between the legs (anterolateral, lateral, posterolateral, and posteromedial excursions) were also related to slower change-of-direction speed. The relationships between dynamic stability and multidirectional speed were particularly pronounced with the T-test and CODAT, where multiple changes of direction were required when sprinting.
PRACTICAL APPLICATIONS
The findings from this study provide clear practical applications for the strength and conditioning practitioner. Functional range of motion and strength in the legs are important components for both dynamic stability and multidirectional speed in field sport athletes.
Restricted joint range of motion and inefficient muscle recruitment would adversely affect dynamic stability, which could also contribute to slower multidirectional speed in field sport athletes. This is particularly true for movements requiring sharp, lateral changes of direction (i.e. the T-test and CODAT). Therefore, strength and conditioning coaches should ensure that
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a component of a field sport athlete's conditioning program is directed towards developing dynamic stability. Dynamic stability training could strengthen the muscles for sprinting and changing direction, as well as developing functional joint motion in field sport athletes.
Strength and conditioning coaches should also ensure that there is balance in the dynamic stability of each leg. A deficiency in one leg may reduce an athlete's ability to rapidly perform alternate and multiple direction changes during sprint efforts.
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Figure Legend 
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